The Orion OB1a sub-association is a rich low mass star (LMS) region. Previous spectroscopic studies have confirmed 160 LMSs in the 25 Orionis stellar group (25 Ori), which is the most prominent overdensity of Orion OB1a. Nonetheless, the current census of the 25 Ori members is estimated to be less than 50% complete, leaving a large number of members to be still confirmed. We retrieved 172 low-resolution stellar spectra in Orion OB1a observed as ancillary science in the SDSS-III/BOSS survey, for which we classified their spectral types and determined physical parameters. To determine memberships, we analyzed the H α emission, LiIλ6708 absorption, and NaIλλ8183, 8195 absorption as youth indicators in stars classified as M-type. We report 50 new LMSs spread across the 25 Orionis, ASCC 18, and ASCC 20 stellar groups with spectral types from M0 to M6, corresponding to a mass (2017) range of 0.10≤ m/M ≤0.58. This represents an increase of 50% in the number of known LMSs in the area and a net increase of 20% in the number of 25 Ori members in this mass range. Using parallax values from the Gaia DR1 catalog, we estimated the distances to these three stellar groups and found that they are all co-distant, at 338±66 pc. We analyzed the spectral energy distributions of these LMSs and classified their disks by evolutionary classes. Using H-R diagrams, we found a suggestion that 25 Ori could be slightly older that the other two observed groups in Orion OB1a.
INTRODUCTION
Comprehensive studies of known OB associations in terms of their stellar populations and structural properties provide a firm basis to the understanding of how young star aggregations form and evolve until they eventually disperse to be part of the Galactic disk component. Particularly useful in this respect are the ∼ 10 Myr fossil star forming regions (FSFRs; Blaauw 1991) , where one would expect that: i ) the dust and gas are largely dispersed, and extinction is generally low, permitting the detection of low mass stars (LMSs), ii ) the members are still spatially concentrated and can be distinguished from the field population, iii ) only a minority of stars retain optically thick circumstellar disks, iv ) the active star formation was ceased but its products are still present, v ) accretion is essentially over, so the objects have attained their final masses, and vi ) the stars can be considered nearly coeval.
The properties of the LMSs in the FSFRs are of particular importance to understand/clarify the structure and dispersal processes acting on such stellar populations, the circumstellar disk evolution and the possible large-scale dynamical effects. In fact, such studies are not possible solely from the observation of massive stars, as the LMSs do have relatively large pre-main-sequence (PMS) phases, they are characterized by the presence of evolving disks, variable mass accretion and circumstellar and chromospheric activity. Furthermore, they make up the majority of all the stars formed in clusters in terms of number and mass (e.g., Bastian et al. 2010) , and have long lifetimes (> 10 10 yr) in the main sequence (MS).
The Orion OB1 association is one of the largest and nearest star forming regions (e.g. Genzel & Stutzki 1989; Bally 2008; Briceño 2008) and contains four distinct sub-associations, which can be distinguished according to their ages and content of gas and dust (Blaauw 1964) . With an age of 7-10 Myr and a distance of ∼330 pc (e.g., Briceño et al. 2005) , Orion OB1a is the oldest and closest of the Orion OB1 sub-associations. Considering the critical age of 10 Myr, Orion OB1a is an excellent region for studying the early evolution of LMSs. Particularly important is the 25 Orionis stellar group (25 Ori), one of the most numerous and spatially dense 7-10 Myr old populations (r∼ 7 pc, Σ ∼ 128 stars deg −2 ) known within 500 pc from the Sun (Briceño et al. 2007) .
As mentioned in Downes et al. (2014) , there are other associations of similar age to 25 Ori, but these regions cover relatively extended areas in the sky or are too distant to enable the detection of their LMSs. 25 Ori's unique combination of its distance, age, and area in the sky (360 pc, ∼ 7 Myr, and ≈ 3 deg 2 ; Briceño et al. 2005 Briceño et al. , 2007 Downes et al. 2014) , makes it a particularly convenient region for studying the population of LMSs. Additionally, 25 Ori is almost free of extinction (A V ≈ 0.30 mag.; Kharchenko et al. 2005; Briceño et al. 2005 Briceño et al. , 2007 Downes et al. 2014) .
Although 25 Ori is a clear spatial overdensity of young LMSs (Briceño et al. 2007; Downes et al. 2014) , a level of contamination is expected close to 25 Ori from at least two other nearby 10 Myr old stellar groups, identified as ASCC 18 and ASCC 20 by Kharchenko et al. (2005 Kharchenko et al. ( , 2013 . Thus, in order to disentangle these groups and identify the complete 25 Ori population, it is necessary to make a study that covers an area into those additional groups, beyond the proposed 25 Ori radius of 1
• (Briceño et al. , 2007 .
Several spectroscopic studies have confirmed, to date, 160 LMS members of 25 Ori (Briceño et al. , 2007 Biazzo et al. 2011; Downes et al. 2014 Downes et al. , 2015 , which represent about 34% of its total estimated LMS members (Downes et al. 2014) . In this paper, we analyze optical spectra obtained with the SDSS-III/BOSS spectrograph to confirm 50 additional young LMSs in Orion OB1a, of which 22 are inside the 25 Ori's estimated area (1 • radius; Briceño et al. 2005 Briceño et al. , 2007 . This increases the confirmed member sample of 25 Ori by about 20% in a mass range from 0.1 to 0.6 M . We characterize these new members according to their optical spectral types and spectral features, as well as infrared (IR) photometric signatures of circumstellar disks. The paper is organized as follows: In Section 2 we describe the optical and IR photometric data, and the optical spectroscopy from the SDSS-III/BOSS survey. In Section 3 we analyze the spectra and describe our results. In Section 4 we comment on particular objects and in Section 5 we discuss and summarize the results. 
Optical Photometry
The V , R, and I photometry used in this work was obtained from the CIDA Deep Survey of Orion (CDSO) catalog (Downes et al. 2014) , which was constructed by co-adding the multi-epoch optical observations from the CIDA Variability Survey of Orion (CVSO; . The sensitivity limits of the CDSO covers the LMS and brown dwarf (BD) population of 25 Ori and its surroundings within the region 79.7
• α 82.7
• and 0.35
• . The limiting magnitude of the CDSO photometry in this region is I lim = 22 and the completeness magnitude is I com = 19.6 (Downes et al. 2014) , enough to assure an I band detection even for the faintest targets of our spectroscopic sample (I ≈ 17.0).
Additionally, we used the u, g, r, i, and z photometry from the Sloan Digital Sky Survey (SDSS) catalog (Finkbeiner et al. 2004; Ahn et al. 2012) . These values are listed in Table 1 .
IR Photometry
The Z, Y, J, H, and Ks near-IR photometry used in this study was carried out by Petr-Gotzens et al. (2011) as part of the Visible and Infrared Survey Telescope for Astronomy (VISTA) science verification surveys (Arnaboldi et al. 2010) . The 5σ limiting magnitudes of the VISTA survey of the Orion star-forming region are Z = 22.5, Y = 21.2, J = 20.4, H = 19.4, and Ks = 18.6, which are enough to have VISTA photometry even for the faintest objects in our spectroscopic sample (J ≈ 15.0).
Additionally, we used near-IR photometry from the 2MASS catalog (Skrutskie et al. 2006) and mid-IR photometry from IRAC-Spitzer (Hernández et al. 2007b) and the WISE All-Sky catalog (Cutri et al. 2013) . This IR photometry is listed in Table 1 .
Spectroscopy
The spectra used in this paper were obtained as part of the Baryon Oscillation Spectroscopic Survey (BOSS; Dawson et al. 2013) , which is one of the four main surveys of SDSS (York et al. 2000) in its third phase (SDSS-III; Eisenstein et al. 2011) . The BOSS spectrograph has plates with 1000 fibers of 2" diameter spanning a field of view of 3.0
• in diameter and cover a wavelength range from 3560Å to 10400Å with a resolution of R=1560 at 3700Å and R=2650 at 9000Å (Gunn et al. 2006; Smee et al. 2013) .
The spectra we analyzed were obtained as part of the Star Formation in the Orion and Taurus Molecular Clouds ancillary science program (Alam et al. 2015 (Kharchenko et al. 2013) . The object selection process for this plate is described in detail in Section A2 of Alam et al. (2015) and is based on the cataloged optical and IR photometric properties (SDSS, WISE, 2MASS, Spitzer) of the objects. The integration time for the selected objects was 5 x 4500 s, achieving a typical S/N ratio of ∼20 for the faintest sources. The observation produced 677 spectra of which only 172 are stellar and the remaining 505 turned out to be spectra of galaxies and quasars (see Section 3). In Figure 1 we show the spatial distribution of the targets observed in this plate (Alam et al. 2015) , as well as the locations of the different stellar groups from Kharchenko et al. (2013) . In Figure 2 we show the u − K vs K-W3 color-color diagram including all the targets of the 25 Ori BOSS plate, where we can see that most of these targets have K-W3 colors redder than those expected from previously confirmed members. It is important to notice that this target selection implies a bias towards sources with IR excesses (e.g. stars with accretion disks, see Section 3.4). The BOSS ancillary science programs made use of the v5 7 2 version of the idlspec2d pipeline, which, together with idlutils, are the SDSS pipelines used for the data reduction 1 . A detailed explanation of the automated classification and the redshift measurements was provided by Bolton et al. (2012) .
The calibrated wavelengths of the BOSS spectra are in the vacuum reference. In order to recognize spectral lines and to use stellar templates to analyze the BOSS spectra, it is needed to convert wavelengths from vacuum to air. We used the IAU standard transformations, as given in Morton (1991) .
ANALYSIS AND RESULTS
In Figure 3 we show the I vs I − J color-magnitude diagram for all the targets of the 25 Ori BOSS plate, together with the confirmed members in 25 Ori and Orion OB1a from Briceño et al. (2005 Briceño et al. ( , 2007 ; Downes et al. (2014 Downes et al. ( , 2015 . We also included the 25 Ori members from Briceño et al. (in prep.) , which were selected according to their position in optical-near-IR color-magnitude diagrams and confirmed on the basis of youth indicators (e.g. H α emission and NaIλ6708 absorption) and radial velocities, when available. Additionally, we included the photometric candidates from Hernández et al. (2007b) ; Downes et al. (2014) . In this diagram, the confirmed members form a very clear locus, nicely separated from the Galactic disk dwarf stars and giant star branches, Figure 1 . Spatial distribution of the confirmed members of 25 Ori or Orion OB1a classified as CTTSs and WTTSs on the BOSS plate dedicated to 25 Ori (thick dashed-dotted circle); see Sections 3.2 and 3.4. The labeled circles, horizontal bars, diamonds, and squares represent YSOs classified as Class II objects, evolved systems, TDC or Class III objects, respectively, as shown in the label box (see Section 3.5). The dotted circle represents the estimated area of 25 Ori (1 • radius; Briceño et al. 2005 Briceño et al. , 2007 . The red plus signs, green asterisks, and blue cross signs indicate, respectively, stars later than G spectral type, G-type or earlier stars, and the galaxy/quasar samples. The black filled squares and the dashed circles around them represent, respectively, the central position and estimated area of the labeled stellar groups from Kharchenko et al. (2013) . The gray background map and the labeled isocontours indicate the LMS and BD photometric candidate density in 10'x10' bins from Downes et al. (2014) . The white star sign at the center represents the position of the 25 Orionis star.
as well as from extragalactic sources. This shows that the combination of optical and near-IR photometry in color-magnitude diagrams allow for a clear selection of photometric candidates in regions like Orion OB1a (e.g., Downes et al. 2014) .
The BOSS spectra in the DR12 archive are provided with a spectral classification as well as an object classification (star, galaxy or quasar). The stellar templates used for this automated classification are mainly selected from The Indo-US Library (Valdes et al. 2004) , which is focused on F-and early G-type stars. The library was supplemented for cool stars by theoretical atmosphere models computed using the MARCS models (Gustafsson et al. 2008) . The M-type stellar templates in the database are representative of giant stars with effective temperature down to 3000 K, and a grid resolution of 500 K (Palacios et al. 2010) . Thus, these templates are generally not suitable for the spectral type classification of young dwarf stars. Also, the grid resolution in effective temperature of the templates is not enough for the diversity of M-type stars present in our sample. Thus, to determine accurate physical parameters Briceño et al. (2005 Briceño et al. ( , 2007 ; Downes et al. (2014 Downes et al. ( , 2015 , and Briceño et al. (in prep.) . The black points represent the LMS and BD photometric candidates from Downes et al. (2014) , which were selected with an efficiency of ∼ 86% from color-magnitude diagrams where a bias toward sources with IR excesses is not expected. The gray points show the SDSS+VISTA+WISE detections in the 25 Ori BOSS plate field of view. The rest of the symbols are indicated in the label. Note that the gray labeled symbols represent young stars showing intense Hα emission (see Section 3.4).
for the BOSS stars (extinction, effective temperature, bolometric luminosity, age, and mass), it is important to verify the SDSS spectral type classification independently. We visually inspected all spectra on the 25 Ori BOSS plate, confirming all objects correctly classified as stars by SDSS, and also identifying those sources for which the SDSS classification was incorrect, either stars classified as galaxies or quasars or, conversely, galaxies or quasars as stars. Through this process, we found 172 stellar spectra out of a total of 677 targets observed on the 25 Ori BOSS plate. The 505 remaining spectra from this plate correspond to either galaxies or quasars (see Figure 1 ).
Spectral Classification
We used the SPTCLASS 2 semi-automatic code (Hernández et al. 2004 ; extended to classify the M spectral type regime as published in Briceño et al. 2005) to derive spectral types for the 172 stars on the 25 Ori BOSS plate. The code uses empirical relations between the equivalent widths of several effective temperaturesensitive spectral features and the spectral types. Particularly, we are interested in the LMS regime, where the SPTCLASS code uses 10 TiO molecular bands in the wavelength range 4775-7150Å and six VO molecular bands in the mid part of the spectra from 7460 to 8880Å. For the LMSs, the typical uncertainties from our spectral type classification are ±0.7 spectral sub- classes, while these increase up to ±5 spectral subclasses for stars earlier than G-type. In Figure 4 we show the residuals between our spectral types using the SPTCLASS code and the spectral types assigned by the SDSS pipeline. Roughly 30% of the spectra have differences between these two spectral type classifications of more than three spectral sub-classes, especially for the stars with earlier spectral types. There seems to be a trend for stars later than M0, which is due to the fact that most of the M-type stars in our sample are classified as M5 by the SDSS automated classification algorithm. By visually comparing those spectra with the largest spectral type residuals against templates of young and old field stars from Luhman (2000) , Briceño et al. (2002) , Luhman et al. (2003b ) Luhman (2004 , and Kirkpatrick et al. (1999) , respectively, we can confirm that our SPTCLASS classification is always more accurate than the SDSS classification. Therefore, for the rest of this work we use the spectral type classification from the SPTCLASS code, which has been extensively used and proven to be accurate and efficient for stars in the spectral type and age ranges considered in this work (e.g. Briceño et al. 2007; Hernández et al. 2007b; Downes et al. 2014) . This classification covers a spectral type range from A5 to M6, with more than a half of the sample being M-type stars. Spectral types of our confirmed members of 25 Ori or Orion OB1a on the BOSS plate (see Section 3.2) are listed in Table 2 . In Table  A1 we list the spectral types of all the stars rejected as members on the 25 Ori BOSS plate.
Membership Determination for 25 Ori and Orion OB1a
Once the spectral type was determined for all the stars on the 25 Ori BOSS plate, several diagnoses were applied to determine their memberships, depending on their spectral types.
M-Type Stars
The following criteria were used to assign the 25 Ori and Orion OB1a memberships of the M-type stars: Residuals between our spectral type classification using the SPTCLASS code (Hernández et al. 2004 ) and the spectral type assigned by the SDSS pipeline. The associated errors are those estimated by the SPTCLASS code because the SDSS classification does not report spectral type uncertainties. The residuals are given in units of spectral sub-classes.
• H α emission.
The detection of strong H α emission in young LMSs is due to both the chromospheric activity and accretion phenomena that produce narrow symmetric and broader asymmetric H α line profiles (Muzerolle et al. 2005) , respectively. We considered as possible M-type members those stars showing H α emission. However, because at the age of 25 Ori most of the accreting circumstellar disks have dissipated , not only those sources having strong emissions related to accretion are necessary members. Thus, additional criteria are needed to support the memberships of those objects showing weak H α emission.
• LiIλ6708 absorption.
For LMSs, the LiIλ6708 absorption is a well-known indicator of youth (Strom et al. 1989; Briceño et al. 1998) . It is present in the stellar surface of LMSs because they are fully convective in the PMS phase and the mixing timescale is shorter than the time they need to reach the MS (Soderblom et al. 1993) . Therefore, we used the presence of the LiIλ6708 absorption as an additional membership criterion for the LMSs.
• Weak NaIλλ8183, 8195 doublet in absorption relative to a field star of the same spectral type.
An additional youth indicator for the M-type stars is the NaIλλ8183,8195 doublet in absorption, which is sensitive to surface gravity. Since the PMS stars are still contracting, they have lower surface gravity than MS stars with the same spectral type, such that the NaIλλ8183, 8195 doublet is measurably weaker in PMS sources (Luhman et al. 2003a) . We compared the BOSS M-type spectra with templates for young and old field stars with the same spectral type from, respectively, Luhman (2000), Briceño et al. (2002) , Luhman et al. (2003b) and Luhman (2004) , and Kirkpatrick et al. (1999) , to determine if the NaIλλ8183,8195 doublet is consistent with the weak absorption expected for a bona fide young star.
Summarizing these criteria, we confirm a M-type star as a 25 Ori or Orion OB1a member if it exhibits any level of H α emission and either LiIλ6708 absorption or NaIλλ8183, 8195 absorption whose profile agrees with a young stellar template of the same spectral type. Based on these criteria, we confirmed a total of 53 members of 25 Ori or Orion OB1a with spectral types from M0 to M6. Three of these members (148, 153, and 156) have already been confirmed as young members by Downes et al. (2014) , so we can report the finding of a total of 50 new confirmed members of 25 Ori or Orion OB1a. In Table 2 we summarize the membership criteria for these confirmed members. About 87% of the M-type confirmed members have LiIλ6708 absorption equivalent widths W(LiI)>0.15Å and the rest have a clear weak NaIλλ8183, 8195 doublet. The 81% of the members have the NaIλλ8183, 8195 doublet in absorption consistent with the young stellar templates and for most of the remaining members the NaIλλ8183, 8195 is not conclusive but they show a clear LiIλ6708 absorption. As an example, in Figure 5 we show the spectrum of the member 157 with enlargements of the H α emission, LiIλ6708 absorption and weak NaIλλ8183, 8195 absorption youth indicators we used to assign its membership.
The 50 new confirmed members represent an increase of ≈ 30% the number of known sub-solar members of 25 Ori or Orion OB1a in the region covered by the considered BOSS plate (Briceño et al. , 2007 Hernández et al. 2007b; Downes et al. 2014 Downes et al. , 2015 . Of these members, 22 are inside the Briceño et al. (2005 Briceño et al. ( , 2007 Downes et al. (2014) .
K-Type Stars
The H α emission and LiIλ6708 absorption membership criteria discussed in Section 3.2.1 also apply for the K-type stars. Therefore, K-type stars were selected as young stellar objects (YSOs) when presenting H α emission and LiIλ6708 absorption. From the 20 K-type stars in the BOSS stellar spectra, we did not confirm any Ktype member. None present both LiIλ6708 absorption and H α emission (only two stars have weak H α emission, but those lack LiIλ6708 absorption).
Early-Type Stars
The membership criteria discussed in Section 3.2.1 cannot be applied to stars earlier than K-type (43 stars of the sample). In fact, there is not a clear way to confirm these stars as young members with the available information. We checked the position of these stars in the I vs I − J color-magnitude diagram (see Figure 3) . We found that not a single early-type star lies within the 25 Ori locus, even when considering the effects of variability. The position of these stars is consistent with the field stars.
The most robust membership diagnostic for stars earlier than K spectral type is their kinematics, though X-ray emission, IR excesses or variability are useful secondary indicators. The spectral resolution of BOSS is not high enough to provide precise radial velocities to determine kinematic memberships for these early type stars, so we checked the other criteria. None of these stars have X-ray counterparts in the 3XMM-DR5 database (Rosen et al. 2016) or in the Chandra Source Catalog (Evans et al. 2010) . Additionally, none of these stars are high-probability variable stars according to the CVSO catalog Mateu et al. 2012) or have IR excesses according to the photometric selection of Cottle et al. (2016) , based on 2MASS+WISE photometry and the algorithm developed by Koenig & Leisawitz et al. (2014) . Therefore, the stars earlier than K spectral type on the 25 Ori BOSS plate are likely non-members. Note-For the NaIλλ8183, 8195 absorption, the 1, -1, and 0 flags mean, respectively, if the feature is consistent with a young stellar template, an old stellar template or not conclusive.
Physical Parameters
As described in Luhman (1999) , the I and J bands are preferred to estimate bolometric luminosities of young LMSs because the contamination from UV and IR excess emission is minimal. We used the I band from the CDSO and the J band from VISTA to determine the extinction and bolometric luminosity of our confirmed members.
Extinctions
The visual extinction (A V ) toward each confirmed member was calculated using the observed I − J color, an assumed intrinsic I − J color for a young star of the same measured spectral type and the extinction law from Fitzpatrick (1999) , assuming R V = 3.1. The adopted intrinsic I − J color was obtained by interpolating the spectral type in the empirical relations from Kenyon & Hartmann (1995) , Luhman (1999) , Briceño et al. (2002) , and Luhman et al. (2003a) . These relationships were designed to match the Baraffe et al. (1998) tracks, as explained by Luhman et al. (2003b) .
In Table 3 we list the extinctions we estimated toward each confirmed LMS member of 25 Ori or Orion OB1a. Removing the two members having the highest unexpected extinctions (member 74 and 109 with A V = 4.33 +0.51 −0.98 and A V = 3.53 +0.94 −1.01. mag, respectively, see Section 4.2), we obtained a mean extinction A V =0.14 mag and a standard deviation σ A V = 0.31 mag toward the complete sample of confirmed members in 25 Ori and Orion OB1a, which is agreement with the mean extinctionĀ V =0.16 mag, obtained by Downes et al. (2015) . If we only consider the confirmed members inside the 25 Ori's estimated area, we obtainĀ V =0.21 mag and σ A V = 0.43 mag, which is also in agreement with previous extinction estimates in 25 Ori (0.27 mag, 0.28 mag, 0.29 mag, and 0.30 mag by Kharchenko et al. 2005; Briceño et al. 2005 Briceño et al. , 2007 Downes et al. 2014, respectively) .
Effective Temperatures and Bolometric Luminosities
We estimated the effective temperatures of the confirmed members by interpolating their spectral types into the empirical relations from Luhman (1999) .
To compute the bolometric luminosities of these members, we used newly available Gaia data (DR1; Gaia Collaboration 2016) to establish distances for the 25 Ori, ASCC 18, and ASCC 20 stellar groups, where the confirmed members are located. In Table 4 we summarize the previous distances to these groups (Kharchenko et al. 2005; Briceño et al. 2005 Briceño et al. , 2007 Kharchenko et al. 2013; Downes et al. 2014) , as well as our own estimates from the Gaia parallaxes for the higher probability Kharchenko et al. (2005) members of these groups. The Gaia-based distance estimates for the 25 Ori, ASCC 18, and ASCC 20 stellar groups are, within the uncer- Mateu et al. 2012) .
Note-Outside location label indicates the members not belonging to any stellar group defined by Kharchenko et al. (2013) . For member 132, the spectrum presents Hα emission, LiIλ6708 absorption and the NaIλλ8183, 8195 doublet consistent with the young stellar template. Therefore, this star was confirmed as a young LMS member.
tainties, essentially identical of 338±66 pc. We then used individual distance estimates derived from Gaia parallaxes to calculate the absolute I magnitudes (M I ) for the confirmed members projected inside these stellar groups. For members located outside these groups, we assumed the mean Gaia distance. Then we used the bolometric correction from Kenyon & Hartmann (1995) to obtain the bolometric luminosity, assuming M bol = 4.755 (Mamajek 2012 ). In Figure 6 we show the locations of the confirmed members in the H-R diagrams according to the stellar group where they lie or if they are outside (see Figure 1 ) and in Table 3 are listed the effective temperatures and bolometric luminosities we estimated for the confirmed members. 
330±39
c a for 17 high-probability members.
b for 7 high-probability members.
c for 15 high-probability members.
Masses and Ages
As shown in Figure 6 , all members are scattered, within the uncertainties, throughout the 1-10 Myr isochrones and 0.1-0.6 M evolutionary tracks, adopting the PMS models of Baraffe et al. (2015) .
To better estimate the masses and ages of the confirmed members, we interpolated their effective temperatures and bolometric luminosities into the Baraffe et al. (2015) models. When a confirmed member overlaps two stellar groups we adopted its mean bolometric luminosity. In Table 3 we show the mass and age we obtained for each confirmed member. The resulting masses for the 53 confirmed members are in a range from 0.10 M to 0.58 M , with 64% of the members having masses lower than 0.20 M . This implies that in this mass range we increased by a ≈ 50% the number of confirmed LMSs in the region covered by the BOSS plate, and by a ≈20% the number of LMSs in the estimated area of 25 Ori (1 The ages we calculated for the confirmed members are roughly twice younger than those found with similar methods in previous studies for the stellar groups where they are located (Kharchenko et al. 2005; Briceño et al. , 2007 Kharchenko et al. 2013; Downes et al. 2014) . This is due to the target selection bias in the 25 Ori BOSS spectra (see Section 2.3 and Figure 2) .
For all the confirmed members we estimated the uncertainties in the derived values of the main physical parameters (extinction, effective temperature, bolometric luminosity, mass, and age) by considering the following factors: the error propagation that applies to each step described in this section and the errors associated to the interpolations. In Table 3 we show the resulting uncertainties for the extinction, effective temperature, bolometric luminosity, mass, and age values for the confirmed members. We also indicate to which stellar group they belong.
T Tauri Star Classification
The BOSS low-resolution spectra allowed us to measure the H α equivalent width, which we used, together with the spectral types, to classify the confirmed members as either accreting young LMSs (classical T Tauri stars; CTTSs) or non-accreting young LMSs (weak T Tauri stars; WTTSs). To define the limit between both types of T Tauri stars (TTSs), we adopted the empirical saturation criterion of Barrado y Navascués & Martín (2003), in which stars with H α emission above this limit are classified as CTTSs, and otherwise as WTTSs. In Figure 7 we show the TTS classification scheme and in Table 3 we show the resulting classification for the whole sample of confirmed members.
We confirmed a total of 15 CTTSs and 38 WTTSs among the 53 members in the BOSS sample. This corresponds to a very high fraction of CTTSs to WTTSs compared to the values of 5.6% and 3.8±0.4% found by Briceño et al. (2007) and Downes et al. (2014) , respectively, which is due to the target selection bias toward sources with IR excesses (see Section 2.3 and Figure 2 ).
Spectral Energy Distributions
The circumstellar disks of the YSOs were classified according to their IR excess emissions at λ > 2 µm. Objects having a flat or decreasing IR spectral energy distribution (SED) are considered Class II, while Class III objects have little or no near-IR excess (Lada & Wilking 1984; Lada 1987 ). An intermediate phase between the Class II and Class III objects contains the so-called "transitional disk systems" that present a decreasing SED slope in the near-IR that rises again in the mid-IR. Finally, the "evolved disk systems" show a monotonically decreasing IR SED (e.g., Hernández et al. 2007b) . To classify the IR excesses of the confirmed members according to this scheme, we constructed their SEDs using the Virtual Observatory SED Analyzer (VOSA) tool (Bayo et al. 2008 ) and the photometric catalogs described in Sections 2.1 and 2.2, and listed in Table  1 . We have a minimum of 10 and a maximum of 24 photometric bands for each confirmed member, covering a wavelength range from 0.36 µm to 22 µm.
The SEDs were dereddened using the visual extinction we estimated in Section 3.3.1 and assuming the extinction law reported by Fitzpatrick (1999) and subsequently improved by Indebetouw et al. (2005) . To determine the corresponding IR excesses we proceeded iteratively as follows: First, we fitted the SEDs to the PMS LMS models from Baraffe et al. (2015) , restricting the effective temperature range to the one obtained in Section 3.3.2. During this iteration we only considered the photometric bands where the IR excesses are not expected to occur (λ < 2 µm).
From the resulting fitted SEDs, VOSA automatically detects which bands present IR excesses by using an improved algorithm from that of Lada et al. (2006) , which measures the slope of the IR points in the log(λF λ ) vs log(λ) space. Basically, when the slope becomes greater than -2.56, the IR excesses are determined. Then, a second fit to the Baraffe et al. (2015) models was performed, this time excluding those photometric bands showing IR excesses. In this way, we avoided false IR excess detections during the first iteration and maximized the number of photometric bands used for fitting the photospheres. The number of photometric bands used during the second iteration ran from 10 to 23 (except for the members 74 and 109 with 7 and 8 fitted bands, respectively). In Figure 8 we show the resulting SEDs for a selection of the confirmed members. The bolometric luminosities for the confirmed members corresponding to the total flux of the best Baraffe et al. (2015) model fit are in agreement, within the uncertainties, with those obtained using the I band, as explained in Section 3.3.2. Relation between the Hα equivalent widths and spectral types for the confirmed members. The red solid curve indicates the saturation limit from Barrado y Navascués & Martín (2003), which allow us to separate WTTSs from CTTSs. The upper axis shows the effective temperature corresponding to the spectral types (Luhman et al. 2003b) .
We classified the members as Class II if their IR SEDs resemble the median SEDs of Class II disks of the σ Orionis cluster (Hernández et al. 2007a ) and the Taurus star-forming region (Furlan et al. 2006) . The members showing lower IR excesses were considered evolved systems, while the members having IR SEDs consistent with the photospheric Baraffe et al. (2015) model fit were classified as Class III. The members showing a near-IR SED consistent with evolved systems or Class III objects, but having an unexpected strong excess at 22 µm were considered as transitional disk candidates (TDC).
For the 14 members having available photometry in the [3.6] and [8.0] bands from IRAC, the slope in the [3.6]-[8.0] color (α, in the log[λF λ ] vs log[λ] space) was analyzed to improve the disk classification as follows (Lada et al. 2006) : Class II objects have slopes of −1.8 < α < 0; evolved or "anemic" disk systems (Hernández et al. 2007a) have −2.56 ≤ α < −1.8 slopes; Class III objects have α < −2.56. In Figure 9 we show the locations of the members in the IRAC color-color diagrams. All the CTTSs fall inside the CTTS locus defined by Hartmann et al. (2005) , but four objects classified as WTTSs also fall inside this region (two having evolved disks, one is a TDC and the other one is bearing a Class II disk). All the members located in the IR excess region defined by Luhman et al. (2005) have Class II disks and only one of them has an evolved disk. The rest of the evolved systems and TDCs are located in the region between the Class II and Class III objects, as expected from the Hernández et al. (2007b) 
PECULIAR OBJECTS

Variable Members
Variability is an important effect than can be present in the member sample. It could modify their locations in the color-magnitude diagrams and affect the determination of physical parameters such as extinction, bolometric luminosity, mass, and age. We expect that the variability in the I band should not have important effects in our confirmed member sample because we are using the CDSO photometric catalog, which lists mean magnitudes of multi-epoch observations with temporal spacing of about 4 yr (see Section 2.1). However, we are also working with multi-epoch VISTA photometry, which has temporal spacing of only 14 nights, where variability can be present. About 34% of the confirmed members have > 99% probability of being variable stars according to the CVSO catalog Mateu et al. 2012) .
In the I vs I − J color-magnitude diagram (see Figure 3) , members 110, 116, 125, and 131 fall outside the region defined by the YSO candidates. None of these members is listed as a high-probability variable stars in the CVSO catalog. However, they show the greatest J VISTA − J 2MASS residuals (together with the highprobability variable stars 66, 74, and 118), with values of: 0.714, 0.357, 0.163, and 0.415 mag for members 110, 116, 125, and 131, respectively, which are, within the uncertainties, significantly larger than those for the rest of the members. These J-band differences explain well the deviated positions only for members 110 and 131. Members 110, 116, and 125 have close sources in the SDSS or 2MASS images, which may be contaminating their photometries, causing their deviations in the I vs I − J diagram. Figure 8 . Dereddened SEDs for a sample of the confirmed members (black points and black solid curves). The gray spectra correspond to the best PMS LMS model from Baraffe et al. (2015) fitted to the dereddened data bluer than the point were the IR excesses start (vertical black dashed line). The black dotted curves show the fitted Baraffe et al. (2015) model spectra in a lower resolution. The red dashed curves and the blue dotted ones indicate, respectively, the median SEDs of Class II disks of the σ Orionis cluster (Hernández et al. 2007a ) and the Taurus star-forming region (Furlan et al. 2006) , normalized to the dereddened J-band flux of each member. The vertical red and blue solid lines represent the upper and lower quartiles for these median SEDs. Each SED has a label with the member ID and its TTS and disk classifications, as explained in Sections 3.4 and 3.5, respectively. The photometric errors are included but most of them are smaller than the corresponding symbols. All the SEDs of the confirmed members are available in the electronic version of this publication.
High Extinction Members
Considering that the mean extinction toward 25 Ori isĀ V ≈0.28 mag (Kharchenko et al. 2005; Briceño et al. 2005 Briceño et al. , 2007 Downes et al. 2014) , members 74 and 109 present significantly higher extinction values of A V = 4.33 +0.51 −0.98 and A V = 3.53 +0.94 −1.01. mag, respectively. These members are not high-probability variable stars in the CVSO catalog, although they have the largest I − J colors in the sample (see Figure 3) . Furthermore, members 74 and 109 were classified as CTTSs showing, respectively, an evolved disk system and a Class II disk. Additionally, the spectra of these two members show IR emissions more intense than those for the confirmed members with the same spectral types but with low extinction values. It may be that their high-extinction values are caused by dust in their disks, which are presented to us with an edge-on geometry. The positions of these members in the H-R diagram (see Figure 6 ) are, within the uncertainties, consistent with most of the members.
Highly Luminous Members
The deviant position of few members (132, 150, and 151) from the rest of the sample in the H-R diagrams (see Figure 6 ) can be naturally explained by their effective temperature and bolometric luminosity uncertainties. Only the member 132 is a > 99% probability variable star according to the CVSO catalog. Members 132 and 150 have a close companion in the SDSS or 2MASS images, which can be contaminating their photometries. The member 151 may be an isolated star without signals of variability, indicating that its position in the H-R diagram could be real. Figure 9 . IRAC color-color diagrams for the confirmed members from this work (top panels) and including those from Hernández et al. (2007b) (bottom panels). The small black filled circles, diamonds, horizontal bars and square represent YSOs with Class II, transitional, evolved or Class III disks from Hernández et al. (2007b) . The dashed lines delimit the region where M type objects with disk are expected, from the study of Luhman et al. (2005) , and the dotted lines show the CTTS locus from Hartmann et al. (2005) .
DISCUSSION AND CONCLUSIONS
We determined the memberships of LMSs in the SDSS-III/BOSS spectra in 25 Ori and Orion OB1a on the basis of the presence of H α emission and either LiIλ6708 or weak NaIλλ8183, 8195 absorptions. We confirm 53 LMS members of 25 Ori or Orion OB1a, of which only three have been confirmed before by Downes et al. (2014) . These members are located in regions associated with at least three different stellar groups belonging to Orion OB1a (25 Ori, ASCC 18, and ASCC 20; Kharchenko et al. 2005 Kharchenko et al. , 2013 . The new LMS sample represents an increase of ≈50% in the number of M0-M6 spectral type spectroscopically confirmed members in the area of the 25 Ori BOSS plate and a ≈20% increase in the number of LMSs known inside the 25 Ori's estimated area (1 • radius; Briceño et al. 2005 Briceño et al. , 2007 .
We did not confirm any K-type member in the 25 Ori BOSS plate on the basis of the H α emission and LiIλ6708 absorption criteria. Furthermore, we found that the stars earlier than K-type are likely field stars after checking their position in the I vs I − J color-magnitude diagram and looking for their X-ray emission, IR excesses or variability.
Parallaxes for high-probability members from the Kharchenko et al. (2005) list are available from the Gaia DR1 catalog (Gaia Collaboration 2016) . Using these parallaxes, we derived distances of 336±30, 349±44, and 330±39 pc for 25 Ori, ASCC 18, and ASCC 20, respectively. Within the uncertainties, these stellar groups are located at the same distance (338±66 pc), but our estimates are based on a small number of high-probability members (17, 7, and 15 for 25 Ori, ASCC 18, and ASCC 20, respectively) . With the next Gaia release we will have parallaxes for many more high-probability members and even for confirmed sub-solar members.
The mean extinction (excluding two outliers) we calculated toward the whole member sample isĀ V =0.14 mag. If we only consider the members inside the 25 Ori area, we obtainedĀ V =0.21 mag, which is slightly lower than the one in previous studies (0.27 mag, 0.28 mag, 0.29 mag, and 0.30 mag by Kharchenko et al. 2005; Briceño et al. 2005 Briceño et al. , 2007 Downes et al. 2014 ). This small difference may be caused by the fact that our confirmed members in Orion OB1a span towards the south-east of the 25 Orionis star (see Figure 1) , where the Schlegel, Finkbeiner & Davis (1998) −1.01. mag, respectively, which are much higher than the mean. A likely explanation could be that these members present edge-on disks, similar to the BD 4 member from Downes et al. (2015) .
We constructed H-R diagrams for the confirmed members (see Figure 6 ), assuming the distances determined from Gaia parallaxes (see Table 4 ). According to the PMS models from Baraffe et al. (2015) , the mass range covered by the members is from 0.10 M to 0.58 M . We do not find a clear separation over the isochrones for the members located in the different stellar groups. The ages we estimated for the confirmed members are younger by a factor of ∼ 2 than those for the stellar groups in which they lie (Kharchenko et al. 2005; Briceño et al. 2005 Briceño et al. , 2007 Kharchenko et al. 2013; Downes et al. 2014) . This is due to a bias in the target selection for the 25 Ori BOSS plate toward members with IR excesses (see Section 2.3). This bias is clear in Figure 2 , where most of the BOSS targets have K-W3 colors redder than those expected from previously confirmed members.
Following the empirical saturation criterion by Barrado y Navascués & Martín (2003) for the TTSs classification of the confirmed members, we found 38 WTTSs and 15 CTTSs. This number of CTTSs is very high, considering that the fraction of CTTSs in 25 Ori has a mean value of 4.7% (Briceño et al. 2007; Downes et al. 2014) , which is due to the bias in the selection of targets for the 25 Ori BOSS plate.
We constructed the SEDs of the TTSs and fitted the photospheric Baraffe et al. (2015) models in order to detect the IR excesses and classify their disks. We found: 11 Class II disks, with SEDs consistent with the median SEDs of Class II disks of the σ Orionis cluster (Hernández et al. 2007a ) and the Taurus star-forming region (Furlan et al. 2006) ; 10 evolved disks, with falling IR SEDs showing excesses smaller than the medians SEDs; 15 TDCs, with falling near-IR SEDs with a sudden increase in the mid-IR; and 17 Class III disks, with SEDs with no detectable IR excesses, consistent with the photospheric Baraffe et al. (2015) models. For the members showing IR excesses, these start at wavelength longer that WISE 3.4 µm (only for the member 82 these start in the K band), which assure that the masses we assigned to the TTSs, working with the I and J bands, are not affected by the IR excesses.
The 34% of the confirmed members are > 99% probability variable stars in the CVSO catalog Mateu et al. 2012) . This effect, together with close sources to the members in the SDSS and 2MASS images, explained well most of the deviated members in the I vs I − J color-magnitude diagram (see Figure  3 ) and H-R diagrams (see Figure 6 ). Only the position of the member 151 in the H-R diagrams, that appears younger that expected, seems to be real. Additional analysis are necessary to reveal the nature of this object.
Chromospheric Activity
Due to the bias in the target selection for the 25 Ori BOSS plate, many of the confirmed members exhibit very strong Hα emission. This intense emission is due to strong chromospheric (magnetic) activity for the WTTSs and a combination of this phenomenon with ongoing accretion for the CTTSs. A number of recent studies have demonstrated that chromospheric activity in LMSs can alter their physical properties relative to the expectations of non-magnetic stellar models. In particular, strong activity appears to be able to inflate the stellar radius and to decrease the effective temperature (e.g. López-Morales 2007; Morales et al. 2008) . Typical amounts of radius inflation and effective temperature suppression are ∼10% and ∼5%, respectively (López- Morales 2007) .
For PMS LMSs, these effects can be quite important, causing the stars to appear to have lower masses and younger ages. For example, Stassun et al. (2012) developed empirical relations for the radius inflation and effective temperature suppression for a given amount of chromospheric Hα luminosity. These relations predict that the effective temperature suppression and radius inflation roughly preserve the bolometric luminosity. In addition, Stassun et al. (2014) showed that the effect of effective temperature suppression on ensembles of young LMSs and BDs is to skew the inferred initial mass function strongly toward lower masses.
In the case of the LMSs studied here, the individual ages we have determined for the entire sample are slightly younger than the mean estimated age of 25 Ori from previous studies. The combined effects of the effective temperature suppression from chromospheric activity as well as the bias in the target selection towards sources harboring disks, could explain such result. If so, then some of these stars could have higher masses and to be slightly older. This would have the effect of narrowing the age spread found here for these Orion OB1a groups. A detailed characterization of the mean ages of these regions is, however, beyond the scope of this work as it would require of a more robust sample of members. The 119 objects resulting as field stars lack H α emission and/or LiIλ6708 absorption, and show strong NaIλλ8183, 8195 doublet in absorption. In Table A1 we list these stars rejected as confirmed members as well as their spectral types together with their I magnitudes and I − J colors. a Spectral type assigned by the SDSS classification.
Our SPTCLASS classification failed for this star.
Note-The SDSS spectral type classification has not assigned the spectral type uncertainties. The complete version of this table is available in the electronic version of this publication.
